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Dear Sir 

L Michael Graham, PhD., declare as follows: 

1. I am a named inventor of the subject matter in the above-identified reexamination. I 
am a resident and citizen of Australia. During the period of December 1997 through the 
filing of (be priority document for die patent under rsewammation, I was a research scientist 
in Australia- During this period Robert Rice and Margaret Bernard were under my direction 
and supervision. 

2. I have reviewed the above-identified reexamination, including the present claims. As 
I understand it, the presently claimed subj ect matter is generally directed to genetic constructs 
that are capable of delaying, repressing or otherwise reducing the expression of a target gene 
in an animal cell, as well as methods for using these constructs and animal cells comprising 
these constructs. I understand that the presently claimed constructs comprise at least one 
structural gene sequence placed operably in a sense orientation under the control of a 
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promoter ajod at least cue structural gene sequence placed operably in an antisense orientation 
under the control of a promoter, where the structural gene sequences comprise a nucleotide 
sequence which is substantially identical to at least a region of a target gene, and where 

a* the multiple structural gene sequences are placed operably under the control of 
a single promoter sequence, where optionally the structural gene sequences in 
sense and antisense orientations are spaced from each other by a nucleic acid 
staffer fragment; or 

b. the structural gene sequences in sense and antisense orientations are each 
placed operably under the control of individual promoter sequences. 

3. I am aware of die rejections issued in an Office Action mailed January 24, 2007, in 
the pending reexamination. I understand that a rejection in the Office Action was based on 
the teachings^ Fire U.S. Patent No. 6,506,559 (the "Fire reference"). The Fire reference 
was filed in late 1998, and claims priority to U.S. Serial No. 60/068,562 (the "Fire priority 
application") filed December 23, 1997, less than a year before the effective filing date of the 
patent under reexamination in the United States. It is my imderetending*tbat to show prior 
invention, die Examiner is requiring that I provide evidence of conception prior to the date of 
filing of the Fire priority explication and then the Examiner is requiring that I show diligence 
from just before the filing date until reduction to practice or constructive reduction to practice 
of my own invention. 

4. Exhibit 1 is a copy of laboratory notebook pages showing my preliminary work in 
plants. My early work on genetic constructs for reducing expression of a target gene was in 
plants and I spent significant amounts of time trying to produce such constructs. I consider 
this work important to my present invention because the layout of the constructs in plants was 
the basis for my later attempt in animals. This Exhibit was previously submitted in the June 
12, 2006, 37 CFJL § 1.131 declaration. I conceived the subject matter of the presently 
claimed invention prior to December 23, 1997. Evidence for conception before the date of 
the Fire priority application includes laboratory notebook pages 107 - 108, which show one 
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of my first attempts to make a genetic construct which was designed to express both sense 
and antisense RNAs from multiple copies of a nucleotide sequence under the control of a 
promoter. Page 108 in particular shows my drawing of a "Hairpin GUS" construct that 
includes two copies of a structural gene sequence in the antisense and sense orientation, 
expression of which was driven by a single promoter. Laboratory notebook pages 110 - 121 
show my additional experiments to build constructs with structural gene sequences in a sense 
and antisense orientation. Laboratory notebook pages 130 - 32 show experiments where I 
attempted to make expression cassettes containing two promoters designed to express 
separate sense and antisense RNAs. Laboratory notebook pages 138, 145, 147, 150, 151, 
159, 169, 175, 181-192, 206, 216, 229 and 266 show experiments where I continued to try 
and create genetic constructs expressing separate sense and antisense RNAs. Laboratory 
notebook pages 138, 145, 150, 153, 158, 165, 168, 172, 175, 182, 185, 195, 197, 198, 200, 
210, 227, 229, 240 and 254 show experiments where I developed constructs in which tile 
structural genes were orientated in a sense and antisense orientation, some of which were 
controlled by separate promoters. I understand that this is evidence of a conception of 
genetic constructs of the same type as those of the claimed invention earlier than the priority 
date of Fire rather than the earliest conception of the claimed invention, which occurred 
before these notebook entries. 

5. Further evidence of conception before the date of the Fire priority application includes 
the June 6, 1994 letter from CSJRO to John Slattery, as indicated in Exhibit 2. This Exhibit 
was previously submitted in the June 12, 2006, 37 CF.R. § 1.131 declaration. In this letter, 
my employer at the time, CSIRO, requested from Mr. Slattery an opinion on the patentability 
of my new constructs that I believed would "be useful in manrmalian systems", as I indicated 
on the last page of the attachment Attached to the letter is my idea to create constructs such 
as the subject matter in the above-identified reexamination. For instance, the second figure, 
Case 2, is a construct comprising a single promoter that transcribes two structural gene 
sequences in. an inverted repeat to form a transcript with a "hairpin" structure, where the 
inverted repeat is not separated by a staffer fragment Una figure shows my idea of making a 
construct like the construct of Claim 3. The third figure, Case 3, is a construct comprising 
two copies of a structural gene sequence, where one copy is placed operably in the sense 
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orientation under the control of an individual promoter and the other copy is placed operably 
in die antisense orientation under the control of a separate promoter. Case 3 therefore shows 
my idea of making the construct of Claim 4 and indicates I had conceived of this invention on 
or before June 6, 1994. 

6. Exhibit 3 is an early outline for a provisional patent application which I prepared on 
August 8, 1995. In this draft, I discuss decreasing gene expression in animals by use of novel 
transgene designs. This Exhibit was previously submitted in the June 12, 2006 37 C.F.R, 
§ 1.131 declaration. 

1. Exhibit 4 is a draft of an unpublished manuscript which I prepared on June 21, 1996. 
This Exhibit was previously submitted in the June 12, 2006, 37 C.FJL § 1.131 declaration. I 
prepared this article for publication m a journal to try and demonstrate the widespread 
existence of an SNA degradative system in plants and other organisms based on a re- 
interpretation of the literature that existed at that time. While genetic constructs were not 
described in this document, their , development was based on ideas presented therein, 
specifically I wished to design constructs to swftch mis RNA degradative system- on more 
efficiently in transgenic organisms. I discussed evidence that this RNA degradative system 
existed in animals in the section tided 'Tost-transcriptiona! gene inactivation in other taxa" 
and believe this document demonstrates my thinking at that time, namely the types of 
constructs that might woric in plants would also work in animals. 

8. Exhibit 5 is a draft of a proposal I prepared on November 29, 1996, proposing that 
genetic constructs for gene sUencing would prove effective in animals. This proposal was 
important because budgetary limits at Benitec (then called Ag-Gene and my employer at that 
time) inhibited my ability to conduct all of the research I intended for target gene 
inactivation. In this proposal, I discuss the genetic constructs I previously created for plants 
and how I wanted to create '«muhiple gene constructs, the use of direct and inverted 
sequences and the design and use of RNA stabilizing sequences- to decrease gene expression 
mammals. When our funding increased, we promptly hired Robert Rice to work on post- 
transcriptional gene silencing in animal cells. 
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9. Exhibit 6 shows further evidence of my conception before the date of the Fire priority 
application. This Exhibit was previously submitted in the June 12, 2006, 37 C.F.R. § U31 
declaration. Laboratory notebook pages 52 - 55, which are from May 1997, show how I 
conceived a genetic construct design to express haiipin RNAs where the construct had a. 
staffer fragment inserted between the two copies of the nucleotide sequence, where one of the 
sequences was in a sense orientation and the other sequence was in an antisense orientation 
relative to the promoter. I consider this Exhibit important because previously I had difficulty 
creating inverted repeat constructs without a staffer fragment due to instability of such 
constructs in R coli. The insertion of the staffer fragment between the inverted repeat 
sequences allowed me to readily make such constructs, and as such I planned to incorporate 
this idea into the genetic constructs for reducing expression of animal genes, Tims, compared 
to constructs without a staffer fiagment, the inverted rep eat constructs with a staffer fiagment 
were superior. 

10, I understand the Examiner would like to see the diligence to reduce my invention to 
practice between the Fire priority date of December 23, 1997, and the '099 patent priority 
date of March 20, 1998. As such, I detail below the events that occurred. To assist the 
Examiner, I also include a calendar of December 1997, and January - March 1998. 



December 1997 

Su Mo Tu We Th Fr Sa 

1 2 3 4 5 6 

7 8 9 10 li 12 13 

14 15 16 17 18 19 20 

21 22 23 24 25 26 27 
28 29 30 31 

7;t> 13:o 21:* 29:m 
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January 1998 

Su Mo Tu We Th FxSa 
1 2 3 
4 5 6 7 8 9 10 
11 12 13 14 15 16 17 
18 19 20 21 22 23 24 
25 26 27 28 29 30 31 
5:* IZ-O 20.-O 2S* 



February 1998 
SuMoTu WeTh Fr Sa 
1 2 3 4 5 6 7 
8 9 10 11 12 13 14 
IS 16 17 18 19 20 21 
22 23 24 25 26 27 28 

3:© H:0 19:« 26:» 



March 1998 

SuMoTu We Th Fr Sa 
1 2 3 4 5 6 7 
8 9 10 11 12 13 14 

15 16 17 18 19 20 21 

22 23 24 25 26 2728 

29 30 31 

5;C 12jO 21 :C1 27:* 



11. When Ag-Gene funding increased in late 1997, we promptly pursued hiring Robert Rice 
to work on preparing gene cons tracts for gene silencing in animal cells, corresponding to the 
designs I had conceived. From what I recall, we at Ag-Gene started discussing hiring Dr. 
Rice in October 1997. We wanted to work with Dr. Rice because he had extensive 
experience in a range of molecular biological techniques and plasmid design and 
construction Dr. Rice's thesis topic was eukaryotic evolution and studying eukaryotic 
divergence using ribosomal RNA sequence data and secondary structure remodeling. As 
such, Dr. Rice also had experience with use of computers for systematic / biontformatics 
analysis of DNA / RNA sequences. 

12. On December 8, 1997, 1 decided to target the polymerase gene of the bovine enterovirus 
(BBV) as an exemplary target gene in animal cells. This gene was chosen because it could be 
easily determined whether the expression of constructs based on the gene had an effect on 
viml replication in animal cells. Specifically, since infection ofMabin Darby (MDBK) cells 
with BBV normally kills them, we could therefore detennine whether expression of 
constructs in transformed cells might inhibit viral replication simply by. determining whether 
such transformed cells show prolonged survival following challenge with the virus under 
standardised conditions. Further, we knew that the BBV polymerase may be amplified using 
the polymerase chain reaction or alternatively, isolated using standard hybridisation 
techniques. With foe assistance of Margaret Bernard ('>£s. Bernard"), I printed out the 
sequence of foe polymerase gene of BBV, see Exhibit 7, page 2. (indicating foe sequence was 
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printed at 3:13pm on December 8, 1997). Again with the assistance of Ms. Bernard, I 
designed a pair of oligonucleotide primers to amplify a region of the BEV gene. These 
primers, designated BEV-1 and BEV-2 (pages 2-3 of Exhibit 7) were ordered by Ms. Bernard 
fiom a commercial supplier under my instruction on December 9, 1997. (See, Id. at 1, lower 
entry: the notation the primers were ordered December 9, 1998 is in error, they were ordered 
December 9, 1997 as evidenced by their entry on the notebook page of December 9, 1997 and 
their use on January 6, 1998). These primers were available for use by Ms. Bernard on 
January 6, 1998. We continued with BEV as a target gene all the way to actually practicing 
the invention, as can be seen in the figures in the patent application that we filed 

13. On or about December 8, 1997, 1 mentioned to Ms. Bernard that as soon as possible she 
would be devoting a greater amount Of her time for work on a project with the new Research 
Scientist, Dr. Rice, in preparing the gene constructs for the animal target gene, in particular 
the constructs targeting BEV. 

14. Dr. Rice arrived to commence employment on the "animal project" on December 21, 
1997. On that day or the day after, I met with Dr. Rice and described to him in detail the 
types of constructs that I had envisaged for reducing expression of a target gene. The first 
type of construct was an inverted palindrome construct without a staffer fragment Claim 3 of 
my patent under this reexamination is to the inverted palindrome construct without the staffer 
fragment and claim 7 is to a method of using the construct The second type of construct was 
an inverted i»alindrome construct with a staffer fiagment Claim 5 is to the , inverted 
palindrome construct with the staffer fragment and chum 9 is to a method of using the 
construct Finally, I wanted to make a construct with two copies of a gene sequence where 
each coiry was under the w CTaim 4is to fliistype of consttuct 
and claim 10 is to a method of nsing this construct. On the days following, I had further 
discussions with Dr. Rice about these types of constructs. 

15. The laboratory facflitiee of Ag-Gene were located at the Queensland Agricultural 
Biotechnology Centre (QABQ, an operational centre of the Queensland State Government's 
Department of Primary Industries. The Queensland State Government provided paid leave 
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for Christmas day (December 25X Boxing Day (December 26) and New Year's Day (January 
X). Further, the Queensland State Government mandated that all State Government 
employees do not work on the days between December 26 and January 1. As such, the 
QABC laboratories and offices were closed from December 25, 1 997 to January 1 , 1 998. 

16. Dr. Rice and I met several times between December 21 , 1997 and mid-January 1998 to 
discuss cosuppression in animal cells and the types of DNA constructs we wanted to prepare. 
We decided to build a range of constructs with the following structures: linear repeals, that is 
constructs containing a block of repeated DNA sequences in sense or in an antisense 
orientation; inverted repeats, that is constructs containing two inverted DNA sequences either 
with or without a DNA spacer sequence inserted between the inverted sequences; and a 
construct with two promoters expressing a sequence in the sense and antisense format 

17. From January 1998 to March 1998, Dr. Rice designed approximately 40 plasmid 
constructs. Exhibit 8 contains approximately 35 plasmid constructs he designed, most of 
which are also found as figures of the '099 patent 

18. When Ms. Bernard returned from her Christmas vacation on Januaiy 5 or 6, 1998, Dr. 
Rice and I informed her that we wanted hex to prepare certain BEV constructs. We described 
the land of constructs we wanted, namely the three constructs discussed above in paragraph 
14. Ms. Bernard, with my assistance, was to start preparing the BEV constructs. See, Exhibit 
7 at page 1. In the meantime, Dr. Rice was to use a computer program to design further 
genetio constructs. Dr. Rice and I explained to Ms. Bernard that the overall aims of the 
experiments were to "use Bovine enterovirus as a model system to study cosuppression in 
mammaUaii colls," which Ms. Bernard recorded in her laboratory notebook at page 2. Ms. 
Bernard took further notes from our talk, writing down the polymerase gene from BEV was 
to be used as the sequence for the animal constructs. Id. Ms. Bernard states in her notes that 
once the constructs were prepared, she was going to *tomsfect munmalian cell line with 
constructs, probably using tho Mabin Darby Bovine Kidney (MDBK) endothelial cell line." 
Id. The cells would then be challenged with BEV. Id. Ms. Bernard then describes the initial 
constructs. Id. 
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19. The first construct to be made was a BEV polyroerase-GFP gene fusion in the vector 
pEGFP-Nl . Id. In this arrangement, the CMV promoter of pEGFP-Nl lay upstream of the 
BEV sequence, while the EGFP sequence was placed downstream of and joined to the BEV 
sequence. Both the BEV and EGFP sequences were designed to be transcribed conjointly by 
the CMV promoter. Hie GFP domain was to be used as a marker to indicate BEV-pol 
positive cells lines and determine whether cosuppression could be detected by transient 
transfection of BEV-pol positive cells with GFP cBNA. The next construct was similar to 
the BEV polymerase-GFP fusion construct above, except that the EGFP sequences would be 
removed and only the BEV sequence would be transcribed from the CMV promoter. Id. The 
next construct describes the use of double promoter constructs (ie., having two promoters) 
with the BEV sequence being expressed in sense and antisense format. 

20. The January 7, 1998 entry demonstrates Ms. Bernard was cloning the BEV polymerase 
gene into the carrier plaamid vector pCR2.1. Id. at pages 2 - 7. I planned to have her to 
clone the BEV polymerase gene into pCR2,l, which was the first step of making the BEV 
polymerase-GFP fiision in the vector pEGFP-Nl. Once the BEV polymerase-GFP fusion 
was in the pEGFP-Nl vector, we planned to use a BgUDBarnHl cloning strategy that would 
result in two alternative fiision constructs where the BEV gene sequence would be cloned in 
the sense or antisense orientation. Dr. Rice and I believed that once we had the two fusion 
constructs, we could easily insert the second copy of the BEV gene sequence in the sense 
and/or antisense orientation into the constructs. This was an element in making the constructs 
we later claimed in the '099 patent 

21. The primers BEV-1 and BBV-2 were used to PCR amplify the BEV polymerase gene 
sequence, corresponding to a DNA fragment of about 1.4 JcfloWs. We then cloned the PCR 
product into the pCR 2.1 plaamid vector. Id. 



22. The 

1998. Id. at page 8. 



January 8, 1998 entry demonstrates Ms. Bernard continued the work of January 7, 
at page 8. 
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• 23. The January 9, 1998 entry demonstrates Ms. Bernard continued the work of January 7, 
1998. Id. at pages 8 -9. 

24. January 10, 1998 was a Saturday and the laboratory was closed, 

25. The January 11 and 12, 1998 entry demonstrates Ms. Bernard took steps to grow the 
clones obtained for the invention. Id. at page 9. 

26. The January 13, 1998 entry demonstrates Ms. Bernard took further steps to clone BEV 
into the PCR2.1 and pEGFP. Id. at page 10. Further, Ms. Bernard describes how she 
validated the successful cloning of the BEV polymerase gene sequence into pCR2.1 and 
confirmed this by endonuclease restriction mapping. Id. 

27. The January 14 - 16, 1998 entry demonstrates Ms. Bernard took steps to the make the 
BEV polymeruse-OFP fusion in the vector pEOFP-Nl. Id. at pages 11-14. Specifically, 
Ms. Bernard used a BgUUBamHl cloning strategy that resulted in two alternative fusion 
constructs where the BEV gene sequence was cloned in the sense or antisense orientation. Id. 
As previously mentioned, the BglH/BamHl cloning strategy that results in two fusion 
constructs which could be used to easily insert the. BEV gene sequence in the sense and/or 
antisense direction into other constructs. 

28. January 17 - 1 8, 1998 was a Saturday and Sunday and the laboratory was closed. 

29. The January 19 - 20, 1998 entry demonstrates Ms. Bernard cemtumed the work of 
January 14-16, 1998. Id. at pages 14 - 16. 

30. The January 21- 23, 1998 entry demonstrates Ms. Bernard used PCR to check for the 
presence of the BEV insert Id. at pages 16 - 19. Ms. Bernard drew three diagrams depicting 
the location of the primers and the expected orientation of the BEV DNA sequence for each 
PGR product. Id. Unfortunately, Ms. Bernard encountered problems and the results were not 
as expected. Id. at page 17. We discussed the matter and agreed that she should try to clone 
the BEV polymerase gene sequence into the pEGFP-Nl again. 
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pCMV.BEV.VEB constat which comprises an inverted palindrome of BBV under the 
control of one promoter. The pCMV.BEV.VEB construct falls within at least claim 3 This 
construct is also Figure 14 of the '099 patent pCR.BEV2 was also used to make the plasmid 
pCMVBEV.GFP.VEB, which contained an inverted palindrome of BEV under the control of 
one promoter with GFP as a staffer fragment As such, this construct would fell within at 
least claim 5. Ms. Bernard also started to clone P CR.BEV3, a construct comprising an 
untranslatable BEV-pol. Ms. Bernard also started to clone pCRBamGFPBgffl, which is a 
construct comprising a staffer for use in interrupting BEV-pol sense and BEV-pol antisense 
in a hairpin construct, The EGFP sequence was selected as a staffer because it would be 
useful for determining whether the staffer could mediate post transcriptional gene silencing. 
The GFP is flanked by the BamHl and Bgffl restriction sites, so the GFP would be easy to 
remove. We planned to use this in our constructs that contained an inverted palindrome with 
astaffer, such as pCMV3EV.GFP.VEB discussed above. Ms. Bernard also started to clone 
pCMV. ca8s> which is plasmid pEGFP-Nl except that the EGFP gene sequence has been 
"amoved. We chose pCMV.cass as a basic plasmid expression cassette for future clones, and 
to later make constructs such as pCMVJBEV.SV40L.VEB, which comprises a BEV 
polymerase placed in the sense orientation to one promoter and another BEV polymerase 
placed in the antisense orientation to another promoter. 

44 The February 18 - 20, 1998 entry dexnonstratea Ms. Bernard continued her work toward 
making a BEV polymerase-GFP fusion construct. M atpages 40-41. 

45. February 21 and 22 were Saturday and Sunday and the laboratory was closed. 

46. ^*^23 - 24,l^ 

ItTT"^ 7 * atPageS42 - 45 - N <"^eidenti^ 
(ffol). Id. atpage 44. 

4T^February 25, 1998 entry denies Dr. Rice designed the construct of 
pCMVXac,*e diagram of which is figure 25 of the '099 patent Exhibit 8 atpage 11. Dr 
Rice also designed the construct of pCMV.LAClpla. id, at page 12. 
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48. Qn February 26, 1998, under my and Dr. Rice's direction, Ms. Bernard started to clone 
PCR.BEV2, PCR.BEV3 end pCR.BamGFPBgl by setting up PGR to amplify fragments for 
the new constructs. Exhibit 7 at page 46. As previously mentioned, I wanted to obtain 
PCRJ5EV2 to make the constmcts of our claims, including me plasmid pCMV.BEV.VEB 
construct, which comprises an inverted palindrome of BEV under the control of one 
promoter, and the plasmid pCMV.BEV.OEP.VEB, which contained an inverted palindmme 
of BEV under the control of one promoter with GFP as a staffer fragment These constmcts 
correspond to at least claims 3 and 5, respectively. 

49. Qn mis same day, Dr. Rice designed the construct of pCMVLacl.OPRSVl casa me 
diagmm of which is Figure 26 ofthe '099 patent Exhibits at page 13. On this same day Dr. 
Rice also designed the construct of pCMVUcl.OPRSVL.GFP. Id. at page 14. 

50. The February 27, 1998 entry demonstrate, Ms. Bernard continued her cloning of 
PCR.BEV2, pCR.BEV3 and pCRJBamGFPBgl. Exhibit 7 at page 47. On this same day Dr 
Rice destgned the constmcts of pCMVLacl.OPRSVl.QFP.cass and pCMV.TYRLIb' the 
digrams of which are figures 27 and 24, respectively, of the '099 patent Exhibit 8 at pages 

16. Dr. Rice also designed the construct pCMVLac.OKRjSVL.GFP.TYR. Id. at page 17. 

51. February 28 and March 1, 1998 were Saturday and Sunday and the laboratory was 
closed 

52. The March 2, 1998 entry demonstrates Ms. Bernard continued her work to clone the 
constructs of pCR.BEV2, pCRBEV3 and pCRBamGFPBgl. Exhibit 7 at page 48. On this 
same day, Dr. Rice designed the construct of pCMV.TYR, the diagram of which is figure 23 
of the '099 patent Exhibit 8 at page 18. 

53. The March 3 - 5, 1998 entry demonstrates Ma. Bernard continued her work to clone the 
constats of PCR.BEV2, pCR.BEV3 and pCRBamGFPBgl. Exhibit 7 at pages 49 - 52 
Notably, Ms. Bernard confirmed the sequence of the clone on page 50 of the Jabomtory " 
notebook and the PCR screened the clones onpage 51 - 52. 
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54. The Match 5, 1998 entry demonstrates Dr. Rice designed the constructs of 
pCMV.O.SV40L.BEV, pCMV.aSV40I.VEB, pCMV.BEV.SV40L.O, 
PCMV.BEV.SV40L.R, pCR.BBV.1, pCR.BEV.2, pCILBBV.3, pCR.SV40L, the diagnnus of 
winch are figures 17, 18, 16, 22, 6 - 8 and 4, respectively, of the '099 patent Exhibit 8 at 
pages 19 - 22, 24 - 29. On this same day, Dr. Rice also designed the construct of 
pCRJBgLGEPJSam. Id. at page 23. 

55. The Match 6, 1998 entry demonstrates Ms. Bemamhgated the amplified fragmentinto 
PPCR 2.1 to obtain PPCR2.1EGFP. Exhibit 7 at page* 53 - 54. This was then cut with 
BamHl and BgUI to provide a fragment, that was used to prepam a hairpin construct 
pBEV2.EGFP.VEB2. 

5* On this same day, Dr. Rice designed the constructs of pCMV.cass, pCMV.SV40L.cass 
pCMV.SV40LR.caas, pCMV.BEV.SV40L.BEV, pCMV.BEV.SV40L.VEB, the diagrams of 
whtch ate figures 2, S, 21, 19, and 20, respectively, of the '099 patent Exhibit 8 at pages 29 
- 33. On this same day, Rice also designed the construct of pCMV3EV.SV40LR.caas 
PEGFP.N1MCS. 72 at page 34. 

57. We wet* excited about the design of the plasmid pCMV.BBV.S V40LVEB because this 
anoth 1 b'fv' 1 ' 8 ^ S poly^wwe placed in the sense orientation to one promoter and 
another BEV polymerase placed in the antisense orientation to another promoter. This 

H JT" T ° WC PWd to * PCMY.SV40L.cass 

Plasmid by sub cloning pCKSV40L into P CMV,casa, and then insert the BEV polymerase 
fi*m Ma. Bernard^ pCR.BEV.2 into the sense orientation to make pCMV3EV.SV40LO 

to^jT 1 ™ 6 ™~ ****** WOUld Cl0Ued *° — orientation 

into the PCMV.BEV.S V40LO to make pCMV.BEV.SV40L VEB. 

Bemll!!r ti0n ° fmadng ^ P CMV ' BEV -SV^VEB clone, on March 18, Ms. 
Bernard started pteparing the pCMVxass cmtsttuct Exhibit 7 at page 66. 

59. Match 7 - 8, 1998 was a Saturday and Sunday and the laboratory was closed. 
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60. The March 9 - U, 1998 entry demonstrates Ms. Bernard prepared krger amounts of 
DNA for mammalian cell transections, including pEGFP.BEVl and pEGFP-Nl . Exhibit 7 
at pages 5S - 60. Further, the MDBK cells were split in preparation for transformation on 
Monday, March 9, 1998. Exhibit 9 at page 1. 

61. The March 11, 1998 entry demonstrates I transected Mabin Darby Bovine Kidney 
(MDBK) endothelial cells with the pEGFP.BEV.l constructs. Exhibit 9 at pages 1-2. 

62. The March 12 - 13, 1998 entry demonstrates Ms. Bernard and I continued our 
respective experiments. Id. at 3; exhibit 7 at pages 61 - 62. 

63. March 14 - 15, 1998 were a Saturday and Sunday and the laboratory waa closed. 

64. The March 16, 1998 entry demonstrates Ms. Bernard obtained the putative clones for 
pCR.BEV2andpCR.BEV3. Exhibit 7 at page 63. On mis day, I continued my tran&fectton 
experiment. Exhibit 9 at page 3. 

65. The March 17, 1998 entry demonstrates Ms. Bernard confirmed the clones had the 
pxoper insert Exhibit 7 at page 64. As Ms. Bernard stated, the next experiments were to 
sequence clones with nniveraal forward and reverse primers. Id. On this same day I 
conducted kill curves for the Mabin Darby Bovine Kidney cells and started selection of 
constructs. Exhibit 9 at page 4. 

66. From Man* 18 - 19, 1998, Ms. Bernard confirmed the pCRBEV2 and pCKBEVS 
clone, by senuencing. Exhibit 7 at page 67. Further, Ms. Bernard prepared the pCMV.cass 
construct /<£ at pages 65 - 66, 68. 

67 ^^20,1998^ 

colonies. Id, at page 68. The expression cassette pCMV.cass was later confirmed by 
sequencing. On fins same day, I continued my kidney cell tmusfection experiments. Exhibit 
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68. After this reduction to pmotice, I filed a patent application in Australia that was the 
baas for and was claimed as priority by the patent under reexamination 

69. I declare that all statements made of my own knowledge are true and all statements 
made on information and belief I believed to be true. I znake this declaration with me 
understanding mat willful mlse statements and me like are punishable by fine or 
Wsomnent, or bom (18 U.S.C. 1001) and may jeopardize the validity of the patent 



ACchael Graham Uaie 
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FACSIMILE TRANSMISSION 



JohnSlattery 
Oavies Cdlison Cave 
GPO BOX4387QQ 
Melbourne VIC 3001 



Dear John. 

Re: Patentability of new approach to gene inactivation 



Attached is an outline of an idea that Mick Graham has regarding antisense technologies We Would like to 
get your optmon as to whether we have enough basis to SeimnSi^ 

The concept emerges from the fact that introduced genes (transaenesl nr» m ^ki« ' ' 

expression of endogenous genes when the transgenes areTeiS 

transgene is Zn^^^^"^. M ^ ,or *• ^P"^ that occura- when a . 
hybrid alone that prevents t3atkin.^sS 

that destroys such hybrid P^M^^^',^^^^ ^^ an endogenous mechanism ■ 
If this provSto be^T,eSr„^o^^3^ * 3 ^deaseT). . 

are outlined In the attachment of new. ways of exploiting this phenomenon, some of which 

so). .Thus there bTstroog^^^ s«niiar conchistons frf they havenlt already done - 

possible to prove or ^^^^^^^^^^ *S r P ° S ^ I******** 
inansgene .constructs cud In TSSS^ d^f^^^^^ 
suppression effects in tnwsgenic Organtsms. . whether, fhey have the postuferted gene 

effects. »**p«^o^ . 
Australian Science a /. ' . V '_ . ' . ; - " '.' • • 



- paches to down-regulation of gene expression that would appear to be advances on (or at leas: 
— anting around") standard 'antisense' and *sense* approaches. Is this inventive enough (if proven by 
subsequent work) to justify a patent application, and should we go ahead with a speculative provisional based 
on the idea because of the potential value of this technology? 

I would appreciate receiving your opinion on this as soon as possible so that we can proceed to prepare 
more detailed information for a provisional patent application if it is warranted. 



Sincerely. 




cc 



Mick Graham 
T.J. Higgins 
Pat Walsh 
Jim' Peacock 



Rationale 



Wc consider the mechanism of "and -sense* and "co-suppression" are identical. Both 
involve a change in the function of the transgene. from producing a noimal mRN A to 
interacting with endogenous factors, which results in the transgene mRN A functioning 
as a sequence specific RNAase. 4 

.This "state switch" requires an interaction between the transgene and the endocenous 
homologue - this interaction probably involves hybrid formation between the ~ 
endogenous mRNA and the transgene. 

The difference between a weak and strong phenotypic effect in different transgenic 
lines results from differences in the propensity of the sense or anti-sense transgene to 
switch states. The differences in sensitivity is possibly a consequence of transgene 
integration into existing transcriptional units. 

Improving existing strategies to create strong phenotypes 

In order to obtain consistently strong. phenotypic effects, constructs with a stronger 
propensity to switch states can be designed. These will produce RNAs which will form 
double stranded hybrids thereby resulting in an.increased likelihood of inducing the 
state s^vitcn. * 

Possible constructs envisaged are shown below. The shaded boxes with the filled 
amwheads represent promoters, the arrow shows the direction of transcription. The 

rtf^-n^f • 0pCn fy° whcads represent coding sequences, the arrow representing 
-the sense orientation of the gene. 

Case l:.Two promoters drive expression of the same transgene in 
opposite directions resulting in formation of complementary RNAs that 
can form hybrids, hence switching states. 




. ..[)> WEEM 

Case 2: A single promoter drives expression of an inverted repeat The 
transcript can then form a hairpin hybrid hence switching states. 



C 



n 



• * * • . . ■ - * • - - * - . 

Case 3: A sense and antwense construct are introduced into the same cell 

LnilZT^Z 0 ' " 1"" 31 aOSS or ^ super-transformation. The • 
two seperate transcripts can then form a hybrid hence switching states 



Another implication of this model is that the use of hvhrid RNAs will permi; ih- design 
of constructs that will inactivate multiple genes. Once a ccne switches state the 7 
sequence specific RNAase activity will be a property of the complete RNA sequences 
of the switched transgene. Thus any endogenous genethat contains sequences 
homologous to sequences in aswitched hybrid transgene win be suppressed. 

Such constructs might be used to induce the state switch more rapidly usin- a more 
abundant or constuavely expressed RNA as the endogenous inducer 

In addition single constructs consisting of a promoter drivinc hybrid sequences should 
£2ET Ft"**™ rf *" endogenous genes present in the hybrid AS 
forexample permit the design of single gene.constructs to project against mulupk 

Case 4: Different portions of the hybrid RNA are shown by different 
shading A angle promoter driving this construct (or constructs 
designed as for cases 1, 2 or 3) should supress the expression of all 
endogenous genes whose sequences are present in the hybrid The state 
switch can be mduced by interaction with only one sequenct* but the 



mm 



^^^^^^^^^^^^^^^^^^^^ ^ 
Expected outcomes 

result inS^S^^X^^^^ ^^ Tbese constructs should 
cgrec 01 SUcn CD «racnsra and an increase stability of phenotype. 

those viruses oJSSJSSSSSS' " $h ° uld P rotect 1*** 

♦ Such constructs shouid be useful in mammalian systems. 



EXHIBIT 3 



PROVISIONAL PATENT SUBMISSlOiN 



Introduction 

This invention describes a novel approach to creating gene "knockout" phenotypes in plants 
and animals by transgenesis. The invention will permit the efficient creation of plants and 
animals with little or no expression of the targetted gene or genes t including the creation of 
viral resistant or immune plants or animals. 

This is currently achieved using anti-sense or co-supression. Both methodologies seem to 
act by the same mechanism, namely activation of an endogenous sequence specific RNA 
degradative system. Activation of this endogenous system usually requires a "trigger", 
namely appearance of the target mRNA or viral RNA in cells of the organism. 

This invention describes the design of transgenes which are either more sensitive to the 
trigger, or trigger themselves. Engineering plants and animals with these constructs will 
result in: 

• A higher proportion of transgenic organismS:expressing strong "gene knockout'', 
phenotypes. Only a low proportion of transgenics produced using anti-sense or co- 
supression display strong phenotypes, most display sectoring, namely areas of tissues or 
organs are viral immune or do not express the target gene, whilst adjacent areas express 
target genes normally or support normal levels of viral replication. 

• More stringent "gene knockout" phenotypes. For constructs with more sensitive triggers, 
activation of the RNA degradative system will therefore occur earlier in development with 
less inducer. Thus with viruses for example little if any replication will occur before 
immunity is induced, whilst for "gene knockouts" little if any expression of the target gene 
will occur before the system is induced For constructs that trigger themselves no inducer 
will be required, resulting in true viral immunity or "gene knockouts". 

• Phenotypes will' be more stable. Both anti-sense and co-supressed phenotypes are 
unstable, the phenotype can revert during development resulting in complete reversion or 
sectoring. 

• Strong phenotypes will be obtained in heterozygotes or proimary transgenics. 
CONCEPT 

1. The invention is based on recent observations indicating that anti-sense and co- 
supression function by activating.an endogenous RNA degradative system. 

2. There is a trigger. which?activites oft the endogenous RNA degradati ve;.system*The>; 
triggering event is usually induced by;tfte:.presenceof the target RNA, eitherihe virus or the 
targetted RNA. 

3. Rare transgenic insertions trigger themselves, presumably through interactions between 
repeated inserts. 

4. Novel transgene design can permit: 

- Transgenes with an increased sensitivity to trigger early in development . 

- Transgenes that trigger themselves. 



DEMONSTRATION 

1. Tobacco were transformed with the constructs shown in Figure 1 : 

A. GUS PVY/TMV fusion driven by the 35S promoter 

B. An anti-sense GUS PVY/TMV fusion-driven by the SCSV 4 promoter. 

C A "double promoter construct" (DP2): containing two transcriptional units, a 
PVY/TMV fusion driven by the 35S promoter and an anti-sense GUS PVY/TMV 
fusion driven by the SCSV 4 promoter. 

D. A "double promoter construct" (DPI): containing two opposing promoters 
driving expression of the GUS PVY/TMV fusion. 

2. Primary transformants. were infected-with PVYnsing manual innoculation.* 

3. Symptom development was monitored visually, and PVY replication was monitored 
using an ELFSA assay 

4. Results indicate that a much higher proportion of plants transformed with construct C 
werre resistant to PVY (Table 1). 



EXHIBIT 4 



MAPPING TRANSGENE ACTIVITY IN PLANTS USING VISIBLE 

PHENOTYPES 



Michael W. Graham, Ming Bo Wang, Bob Furbank, Steve Trevanion,. Simon Robinson, 
Richard Forster, Paul Keese and Peter Waterhouse 

CSIRO Division of Plant Industry, GPO Box 1600, Canberra ACT, 2601 
Introduction 

Transgenic plants are relatively easy to create. Typically to analyse transgene expression 
many primary lines are generated but only a few showing the desired expression pattern 
or phenotype are selected for more detailed analysis; lines showing unanticipated 
expression patterns are frequently discarded. Much valuable information regarding 
transgene expression is lost during this culling process, in particular evidence refuting 
tacit assumptions that transgenes normally behave in a uniform, predictable Mendellian 
fashion. 

Transgene expression is usually monitored using biochemical or molecular assays. 
However the information gained from such approaches can be of limited value, 
especially when spatially or temporally regulated processes are considered. For this 
reason visual marker genes such as GUS or G-galactosidase are frequently employed. 
Marker genes can provide more detailed information on gene expression and since 
assays are quick and simple, large populations of transgenic lines can be more readily 
analysed. 

In plants, transgene expression itself sometimes creates visible phenotypes. Figure 1 
shows an example of a single, leaf from a transgenic Flaveria bidentis, a tropical C4 
plant. This plant was transformed with a construct designed to inhibit expression of the 
key photosynthetic enzyme pyruvate phosphate dikinase (PPDK). In green tissues of 
this leaf both PPDK activity and photosynthesis are normal. In contrast PPDK activity is 
not detectable in the yellow areas, which are consequently non-photosynthetic* If this 
whole leaf were ground up and assayed conventionally, PPDK protein levels, enzyme 
activities and mRNA levels would be about 50% compared to controls. If there were no 
visible phenotype these data would most likely be interpreted as reflecting a uniform 
reduction in gene expression across the entire leaf. Clearly in this exampie complete 
reliance on biochemical or molecular data would be misleading, and we suggest this 
precise situation frequently occurs when analysing transgenic organisms. 

Based onourownresults\and ajeyiewof the.literature we show. similar visible pi easily 
scored phenotypes are remarkably common in transgenic plants; howeyec; we believe, 
until now neither their frequent occurrence or full significance has been appreciated. In 
these. cases transgenes behave formally as visible marker genes, ihefeby providing 
simple assays which precisely define changes in gerie expression. By examining such 
phenotypes large populations of transformed lines can be analysed, but more, 
importantly changes in gene expression can often be directly visualised in space 
(position in a plant or tissue) and time (stage of plant growth or development). . 

Sectored phenotypes in transgenesis 



Visible sectored phenotypes are quite common in transgenic plants. Examples from our 
own work are shown in Figure 2 and others from the literature 0* 15 ) are listed in Table 
1, and we are also aware of many further unpublished examples. Detailed descriptions 
of these plants and phenotypes can be found in the Figure legends and Table footnotes. 
Many of these phenotypes occur when an extra copy of a gene is expressed in either 
sense or antisense orientation and hence reflect sequence specific trans inactivation 
events targeting endogenous genes. However sectored phenotypes sometimes occur 
when heterologous sequences such as bacterial genes are expressed in transgenic plants. 

Sectored phenotypes also occur in viral resistant transgenic plants O^-IS), examples are 
shown in Figure 3, and others from the literature are listed in Table EL These viral 
resistant phenotypes manifest as alterations in the distribution of viral symptoms which 
for some viruses provide an indirect visual assay for viral replication (Fig. 3). 

Not only are such phenotypes widespread, but often a high proportion of independently 
transformed lines show sectored phenotypes (Table 1). Frequencies range from about 
1 0% to close to 1 00% of transgenic lines. 

The Significance of Sectored Phenotypes 

These phenotypes are significant because they occur in a variety of different 
circumstances, namely antisense, co-suppression and some instances of virai resistance 
and transgene instability. Such terms are used to describe phenomena that remain poorly 
understood at the molecular level, but they are commonly assumed to reflect distincU 
molecular processes. ' * 

In this context the occurrence of sectored symptoms in . viral resistant plants is 
particularly significant. The molecular processes underlying RNA-mediated viral 
resistance were recently brought into sharp focus by Lindbo et aL ( 20 ), whose results 
define remarkable posttranscriptional processes responsible for resistance (for recent 
reviews on gene silencing in plants see refs. 20-26). Their data, which will be 
considered in more detail below, indicate viral resistance reflects sequence-specific 
degradation of viral RNAs, Formal evidence links viral resistance and at least some 
instances of transgene instability, indicating that mRNAs from nuclear genes can also 
be degraded by the same.mechanism. 

The sectored patterns of gerie activity described above are only apparent because the 
events give visible or easily scored phenotypes. There is no reason to suspect that the 
majority of constructs, which give no obvious phenorype, will not behave.in a-similar 
fashionrhowevec in such instances \sectored ; gene expression could be easily missed,-, 
since quite detailed analysis woulcfcbe required before it could be detected. We propose 
therefore that sectored gene^ctivity pcxurmuctemore frequently in transgenic : ' 
Organisms than previously imagined. Consideration of visible phenotypes in plants 
provides a simple means to visualise and more fully understand the full consequences of 
transgenesis. 

Proposal: Sectored phenotypes arise from a common mechanism 

We propose that phenotypic similarities of variable sectored patterns of gene activity, 
reflect common molecular events - namely activation of the posttranscriptional 



homology-dependent RNA degradative system responsible for RNA-mediated viral 
resistance. 

Initial evidence for this is based on overall phenotypic similarities that occur in 
transgenic plants. When considered together visible sectored phenbtypes share several 
important characteristics. They are clearly non-uniform, regions of distinctly differing 
gene activity exist in sharply delineated sectors; these sectors often, perhaps always, 
correspond to regions of complete gene inactivation. Another striking feature is the 
extreme phenotypic variability that often occurs in transgenic lines; changes in gene 
expression occur unpredictably in space and time, generating remarkably complex 
phenotypes. These observations are consistent with activation of a simple binary switch 
which is variably induced in space and time, in what often- seems an unpredictable 
fashion. 

The available molecular evidence is consistent with this proposal and various other 
observations from the literature provide further indirect support Remarkably similar 
events have been described in mammals and possibly other organisms* suggesting these 
observations have wide implications for understanding and interpreting^transgenesis. 

Sectored phenotypes reflect complete gene inactivation 

For many of the phenotypes described above sectored regions seem to correspond to 
areas of complete gene inactivation, consistent with the complete degradation of 
mRNAs. Thus for Flaveria expressing PPDK sequences only background levels of 
enzyme activity are detected in yellow chlorotic sectors. Similarly, some phenotypes 
listed in Table 1, such as a complete lackpf corolla pigmentation in petunia petals 
expressing CHS and DFR sequences or qualitative changes in starch composition in 
potato starch granules are also consistent with this notion. Most other phenotypes in 
Table 1 are fairly poorly described, but they are not inconsistent with this notion. 
Furthermore in instances of co-suppression where quantitative enzyme measurements 
have been reported, namely chitinase, O-glucanase and nitrate reductase 0 complete 
inhibition of gene activity occurs. Mechanistically viral immunity reflects complete 
degradation of viral RNAs, sectors of complete gene inactivation would be anticipated 
if they arise by a similar process. 

We are aware of some exceptions to these, general observations which suggest two 
situations where apparently intermediate phenotypes might arise. In instances where a 
protein or its product are relatively stable one might gain the impression of intermediate 
levels of gene expression. This may be the. case with NADP MDH in Flaveria (Figure 
2), where sectored regions express, about ,5% oficontrol enzyme activities. NADP MDH 
: js a chloroplast enzyme: and is therefore likelytahe quite stable, compl^inMbiitipri 
gerie activity might only be observed long aften gene inactivation events occur • Another 
; exception might arise in instances where multi-gene families are targeted for trans 
inactivation. In transgenic Gerbera hybrida expressing antisense CHS sequences; some 
lines produce pink flowers from a red parent. This phenotype is consistent with partial 
reductions in CHS activity ( ), which could reflect either partial /ra/ir,inactivation of 
CHS mRNAs, or alternatively result from complete inactivation of specific members of 
a rnultirgene CHS family that might be expressed in Gerbera petals; A similar 
phenotype has been noted in a single transgenic petunia. 

Unpredictable gene expression in transgenic plants 



Transgene instability in the examples shown in Figures 2 and 3 results in highly 
variable, unpredictable phenotypes. These must reflect complex patterns of gene 
inactivation which occur frequently throughout development In some instances 
evidence of cell lineage relationships can be inferred, whilst in other examples gene 
inactivation occurs in an apparently stochastic fashion. 

For example, in Flaveria showing unstable PPDK expression each leaf on a plant shows 
unique patterns of gene inactivation (Fig. 2A,B). PPDK inactivation events must initiate 
. differently for each leaf at different stages of development The leaf in Fig. 2C 
illustrates this point. The lower half is nearly folly yellow, presumably a gene 
inactivation event occurred early in development and involved half the leaf meristem. In 
the upper half gene inactivation events probably occurred much later in development, 
and there have been many such events. This leaf also shows evidence of a reversion 
event, the large green sector in the bottom of the leaf. Moreover in such plants whole 
shoots can be folly green, whilst adjacent shoots become completely yellow. (Fig. 2E 
and F). Sectoring in leaves from plants expressing NADP MDH sequences also results. .. 
in extremely complex essentially random phenotypes (Fig 2 G-I) which presumably 
reflect cognate influences on gene inactivation. 

Highly variable sectoring is also seen in mini-tubers expressing PPO constructs (Fig. 2 
. J-L). Some tubers show only a few PPO-expressing sectors, whilst others show large 
areas of PPO-positive tissues. Positive sectors presumably arise from one or a few cells 
which either retained or regained normal levels of PPO activity during tuber formation, 
cones of cells presumably reflect subsequent cell division which lead to radial 
expansion of the tuber. Some tubers from this line showed apparently normal 
expression of PPO, further emphasising the unpredictable nature of phenotypes. 

When alterations in viral symptoms are considered similar unpredictable phenotypic 
variability also occurs in iPV Y-resistant tobacco (Figure 4). In some lines lesion 
numbers on third systemically infected leaves were about 5% of controls, whilst in 
others numbers were 30 - 50% of controls. Lesions typically appeared to be distributed 
. in essentially random fashion, although some degenerate patterns were observed, for 
example different halves of a leaf formed distinctly different numbers of lesions. In one 
line a highly symmetrical pattern was observed, symptoms were confined to sharply 
delineated rectangular regions within interveinal tissues, similar to those described by 
Dougherty et al (1994). These phenotypes also showed marked developmental 
influences, lesion numbers usually decreased significantly in older leaves, but even this 
character was not invariant, in one resistant line the number of lesions actually . 
increased. 

., The pigmentation patterns described in peruniarpetals expressing either.senseo.orr : 
antiserise CHS sequences are also remarkably variable. Different patterns occur in 
individual lines ranging from highly symmetrical to apparently chaotic. Most other 
examples of sectored phenotypes remain fairly poorly characterised, and have been 
variously described as "mottled", "chaotic" or "randomly distributed"; We suggest . 
careful consideration of these phenotypes will reveal much more information regarding 
phenotypic variability. 

Transgene instability: current paradigms 



To create transgenic plants DNA is most commonly introduced into regenerable tissues 
using either Agrobacterium or bioiistics. Both approaches result in quasi-random 
integration of constructs. Thus in some lines constructs integrate as single copies, but 
often more complex patterns, such as multiple linked or unlinked integrations occur. 
Each individual in a population of transgenic lines therefore possesses a unique pattern 
of transgene integration and it is becoming increasingly clear that these markedly 
influence transgene activity, complex transgene integration patterns are frequently 
associated with aberrant expression patterns. 

Position effects; cis inactivation of gene expression 

The term "position effects" was coined to describe alterations in transgene activity that 
might reflect localised cis influences on gene expression. For example position effect 
verigation in Drosophila is thought to arise through localised influences of 
heterochromatin on gene expression, endogenous genes near blocks of heterochromatin, 
or transgenes which integrate near such regions, show abnormal verigated expression 
patterns. Similarly chance integration near strong enhacers, might influence either the 
total activity or developmental specificity of a particular promoter in individual linos. 
Similarly methylation of transgene sequences, which arises de novo following 
integration, can markedly influence gene expression, which is often thought to reflect" 
promoter methylation leading to transcriptional silencing. 

Trans inactivation of gene expression 

At least two processes are known which can influence transgene expression in trans. 
Methylation patterns from transcriptionally inactive transgenes can be transferred to 
homologous sequences elsewhere in the genome, presumably through some type of 
somatic interactions between repeated sequences. Remarkably this can result in the 
transcriptional inactivation of unlinked locci. Although such processes have only been 
demonstrated for repeated transgene promoter sequences, it seems possible similar - 
interactions could occur between duplicated coding sequences. 

The second process is frequently referred to as co-suppression or pbsttranscriptibnal 
gene inactivation. The term co-suppression was originally coined to describe 
phenomena observed in transgenic petunia where attempts to overexpress key genes 
controlling pigment biosynthesis unexpectedly resulted in a complete block in pigment 
production in sectors of petals ( ). Expression of both the transgene and endogenous 
homologue were blocked in such lines, hence the term. 

An extremelyrimportant shift in. understandingvco-suppression occurred recently with . 
the demonstration that many instancfcs:of genetically engineered viral resistance in: ■•■ ".. 
: plants occur by this mechanism * Constructs: designed to express viral structural- genes in 
plants,- such as coat protein ( ) or polymerase genes ( ), often confep viral resistance. 
This was originally thought to result from the inappropriate expression of viral proteins 
which were assumed to act through poorly defined trans dominant effects on viral 
replication ( ). However Lindbo et al (1993) showed conclusively that the expression of 
non-coding viral RNAs can confer strong viral resistance, the term RNA-mediated viral 
resistance has been coined to describe such resistance. Such viral resistant lines show 
varying degrees of resistance, which manifests as either viral immunity or "recovery*' 
from viral infection - as plants grow new tissues become viral immune; the viral 
resistance phenotypes shown in Figure 3 are examples of this. 



Northern analysis indicated this viral immune state was associated with markedly 
decreased steady.state transgene mRNA levels, but nuclear run-on experiments showed 
transcription rates remained essentially equivalent to frilly susceptible tissue. These 
same molecular changes, namely high transcription rates associated with low steady 
state mRNA levels, also occur in co-suppression of nuclear genes. These results 
indicated that both the transgene and viral RN As are degraded in viral resistant lines 
through some previously unimagined posttranscriptional process. Such viral resistance 
is sequence-specific, since unrelated viral RNAs are not degraded, moreover RNA 
degradation must occur in the cytoplasm as poxviruses, which were targeted in these 
experiments, replicate exclusively in this compartment. 

Such data indicated that both RNA-mediated viral resistance and co T suppression are 
posttranscriptional phenomenon explicable only in terms of activation of an endogenous 
homology-based RNA degradative system. In co-suppression this RNA degradative 
system targets mRNAs from nuclear genes, whilst for viral resistance viral RNAs are 
targeted: 

Antisense 

In transgenic plants antisense approaches are frequently used to specifically trans 
inactivate expression of endogenous genes. The mechanism of iriactivation remains 
unknown but antisense is widely, although not universally ( ), thought to differ fipm xo- 
suppression. Antisense phenptypes are commonly thought to reflect duplex formation 
between the antisense transgene and endogenous sense mRNA, which is believed to 
inhibit either translation of the targeted mRNA or mark it for destruction by unknown 
processes). Such models imply that antisense represses gene expression uniformly in a 
whole plant or tissue, which seems a widely held assumption. 

Sectored phenorypes reflect posttranscriptional gene in activation 

Many of the sectored phenorypes described above reflect sequence-specific trans 
inactivation events. Processes which act only in cis, such as position effect verigation, 
cannot be responsible for these phenotypes. Moreover whilst transgene methylation can 
inactivate gene expression in trans such processes cannot possibly account for viral 
resistance since most plant viruses have RNA genomes. 

Support for this view is based on specific molecular criteria. In instances of 
posttranscriptional gene inactivation, nuclear, run-ons and Northern blots show that 
inactivated genes are transcribed at normal^ratesvbut steady state RNAJevels are low ( ). 
This contrasts to transcriptionatgene inactivation where run-ons shoWrgenes are not? 
transcribed: " 

A.review of the literature shows that at least three instances described as co-suppression 
( ) and three examples of RNA-mediated viral resistance ( ) satisfy these molecular 
criteria. We are not aware of any exceptions to this, and it seems reasonable to assume 
that most, probably all examples of these phenomena will occur by activation of this 
same RNA degradative system. 

Furthermore at least two instances described as transgene instability have been reported 
where run-ons are also consistent with posttranscriptional gene inactivation. Whilst 




visible phenotypes were not reported in these examples, these results indicate 
transgenes can inactivate their own expression through posttranscriptional processes. 
Transgene instabilities that might seem to occur in cis sometimes reflect /rons-acting 
processes. It seems reasonable to assume other examples labelled unstable expression 
will also occur in this fashion, especially in instances where sectored phenotypes occur. 

Less molecular data is available for antisense, we are aware of only one instance where 
results of nuclear run-ons have been reported. In tomatoes expressing antisense 
polygalacturonidase (PG) constructs, run-ons showed that transcription rates of bom 
endogenous and antisense PG genes remain unaltered in ripening tomato fruit whilst 
steady state mRNA levels for both genes decreased markedly Q. These results were 
originally interpreted using conventional models - duplexes were assumed to form 
between antisense and sense leading to the specific destruction of both RNAs. This 
interpretation is tautological, the data are equally consistent with degradation via 
posttranscriptional gene inactivation. We believe the latter explanation is most likely, 
since additional indirect evidence discussed below provides further support for this 
view. 

Implications 

Our observations suggest that posttranscriptional gene inactivation occurs very 
frequently in transgenic plants, which has wide implications for understanding and 
interpreting transgenesis. 

Transgene Instability 

Our observations indicate that the frequency of transgene instability has probably been 
grossly underestimated; This has disturbing implications. 

Sectored gene inactivation events might prove difficult to detect in instances where no 
phenotype occurs, especially when phenotypic variability is taken into account. Fine 
scale sectoring in whole tissues, or gene inactivation events in parts of plants or in 
transgenic progeny (either sexual or clonal) might easily be missed without detailed 
analysis. Furthermore environmental influences. can markedly effect phenotypes. For 
example the frequency of co-suppression in tobacco over expressing copropophyrinogen 
. oxidase constructs varied markedly when plants were grown in different glasshouses, 
similarly plants that stably expressed a herbicide resistance gene in glasshouses showed 
sectored expression in the field. 

Important dete™ g. om the, available 

literature. Complex; multicopy transgene; integrations have been ^<x>r/elated^with:!both 
posttranscriptional arid ti^script 

are therefore likely to express more predictably; Furthermore to circumvent trans 
inactivation events constructs should utilise heterologous promoter and coding 
sequences whenever possible. 

The mechanism and consequence of antisense 

We have shown above that sectored phenotypes often occur as a consequence of 
antisense expression. Such observations refute assumptions that antisense phenotypes . 



are uniform and suggests that experiments using antisense may have been frequently 
misinterpreted. 

One prediction is that phenotypes generated by antisense and co-suppression should be 
identical - however for such a comparison identity must be considered in the context of 
phenotypic variability. In transgenic Flaveria expressing either sense (Figure 2H) or 
antisense (Figure 21) NADP MDH constructs, very similar sectored phenotypes occur. 
Similarly in PVY-resistant tobacco expression of viral sequences in either sense 
(Figure AC) or antisense (Figure 4D) orientation results in the same recovery phenotype. 
Data summarised in Table 1 provides further support for this view, at least three other 
examples, CHS in petunia, ankyrin in Arabidopsis and probably GBSS in potato, give 
similar phenotypes for antisense and co-suppression. 

Such a view also provides a simple explanation for the poor correlation between 
antisense RNA levels and phenotype which has been often noted. As described above 
low steady state transgene mRNA levels reflect activation of the posttranscriptional 
RNA degraditive system.. Phenotypes reflecting strong gene inactivation should 
therefore correlate with low transgene mRNA levels. However since phenotypes are 
sectored l steady state mRNA levels would be expected to vary considerably depending 
on the tissue or developmental stage assayed. Significantly, poor correlations between 
transgene mRNA levels and viral resistant phenotypes have also been frequently 
observed. 

One difference between antisense and co-suppression is the frequency of gene 
inactivation events. The available data are also summarised in Table 1 . In one instance 
(ankyrin in Arabidopsis and CHS in petunia) frequencies are identical, but in other 
examples ccHSuppression frequencies are higher (eg PPO in potato), markedly so for 
PVY resistance^ The reasons for such discrepancies remain uncertain but could reflect 
differing propensities for activating the RNA degradative system. 

The term antisense is loosely used to describe a variety of phenomena. For example in 
transient assays small decreases in gene expression occur when large excesses of 
antisense are introduced into cells. This differs from the complete gene inactivation 
described above; perhaps there is an effect of duplex formation, but it is small. Clearly 
notions of what is precisely meant by antisense require re-evaluation. 

Engineering Virol Resisiance 

Our observations suggest the.mechanism of viral resistance is sectored viral immunity. 
Sectored symptoms hav& been described, by others in viral resistant transgenic plants: ... 
. (Table 2), including viruses from widely divergent genera namely poty^inises^ v 
potexvinises and tospo viruses, indicating this is a widespread phenomenauFor many, > 
virus plant combinations there are particular difficulties associated with interpreting 
viral resistance phenotypes which might obscure similar sectored symptoms. Thus some 
viral species like cucumber mosaic virus (CMV) naturally grow put of viral infections, 
whilst in others such as potato leafroH virus (PLRV) symptoms provide only indirect 
indications of viral replication. In other examples visible symptoms do not occur at all. 
We suggest sectored viral immunity is probably widespread, but has often been missed. 

Three.common observations are frequently made for viral resistance. phenotypes. Firstly, 
when plants are challenged with virus a proportion do not develop symptoms. In those 



that do symptom appearance is frequently delayed. Finally resistance often shows dose 
dependence, high innoculums of virus can overcome resistance. The simple model in 
Figure 5 can explain these observations. 

There is surprisingly little evidence indicating that protein expression plays any role in 
conferring viral resistance* but this view has become dogma. Our observations provide a 
rational basis for considering viral resistance phenotypes which might help clarify such 
arguments. 

Trans inactivation of gene expression 

The ability to completely rranHnactivate expression of endogenous genes, or degrade 
viral RNAs is clearly of major practical and experimental importance; One surprising 
implication of our observations is that complete trans inactivation occurs very 
commonly in transgenic organisms; the available technologies of co-suppression and 
antisense are extremely effective. 

What is required however are methods to better control gene inactivation: in space and 
time. It seems likely that significant advances can be achieved in this respect. 

Posttranscriptiona] gene inactivation in other taxa 

It seems unlikely that a remarkable process like sequence-specific RNA degradation 
would be confined to plants. Many examples of distinctly non-uniform patterns of 
transgene.expression have been observed in mammalian systems, and several key 
observations suggest at least some of these events occur through identical 
posttranscriptional processes^ 

In a transgenic mouse line expressing an antisense myelin basic protein (MBP) cDNA, 
marked decreases in both MBP mRNA and protein levels where observed. Localisation 
of MBP in neuronal tissues from these animals, using antibody probes, revealed MBP 
was distributed in a distinctly non-uniform fashion. This is consistent with sectored 
trans inactivation of endogenous MBP expression. Furthermore in at least two 
examples where mammalian cell lines were transformed with antisense sequences, a 
poor correlation between state levels of antisense RNAs and the level of gene 
inactivation was noted, reminiscent of the observed situation in plants. Sectored 
expression of transgenes has also beennoted in transgenic mice and transformed 
mammalian cell lines. 

; Phenomena described as antisense,. co-suppression or transgene instability have, been 
described in fungal species: Moreover antisense^trategies have been wideiy .usedin the : \ 
study of Dictyostelium, and some evidence indicated that RNA degradafeive processes 
play an important role in programming differentiation processes; Such observations 
suggest that posttranscriptional gene inactivation is widespread. 

The biological significance of . posttranscriptional gene inactivation 

The endogenous system responsible for homology^dependent posttranscriptional gene . 
inactivation has remarkable properties; it seems likely such a system plays 
fundamentally important roles in biological systems. Others have proposed the system . 
may normally play. a role in viral resistance in plants or protect against the activity of : . 



transposons However the likelihood the system functions in other taxa suggests more 
general roles, for example one can easily envisage regulatory networks based on 
homology-dependent posttranscriptional processes. 

In transgenic plants activation of this, system frequently results in the creation of 
seemingly random or chaotic phenotypes, however some lines display remarkably 
symmetrical phenotypes. Such observations suggest that posttranscriptional processes 
might play an important role in pattern formation. 

Our observations indicate posttranscriptional gene inactivation acts as a binary switch, 
rather than a "volume control" for gene expression. Intriguingly some models of 
enhancer action suggest they also function act as a binary switch by increasing the 
probability of transcription in individual cells rather than increasing transcription rates 
as generally believed. Assumptions that gene expression is normally fairly uniform in 
seemingly homogeneous tissues are perhaps overly simplistic, distinctly non-uniform 
patterns of gene expression may occur frequently. 



EXHIBIT 5 



a Construct used to create transgenic line. Plants were mostly transformed using 
Agrvbacterium-bascd systems, except for some transgenic petunia lines which were 
regenerated from electroporated protoplasts. Most constructs used the constitutive 35S 
promoter to drive transgene expression, exceptions are for DFR, in some instances the 
native promoter was used and CHS, where sectored phenotypes occur with promoterless 
constructs. 

b Visible or easily scored phenotype which reflects transgene activity. 

c Antisense refers to situations where constructs were designed to express antisense 
RNA sequences; Co-suppression refers to situations where sense sequences were 
expressed, usually full length codingsequences aimed at overexpressing a gene; 
transgene instability refers to situations where genes are expressed which have no 
endogenous homologue, such as bacterial genes. 

<* Frequency refers to the frequency of primary (T 0 ) transgenic lines displaying sectored 
phenotypes. 

e Transgenic Flaveria expressed full-length antisense Flaveria PPDK sequences driven 
by the 35S promoter. 

f Transgenic Flaveria expressed full-length antisense Flaveria NADP MDH sequences 
or full length maize NADP MDH coding sequences designed o overexpress enzyme 
activity. Both constructs were driven by 35S. 

g Potatoes (cy Lehmni Russet) were transformed to express antisense potato PPO 
sequences driven by 35S. 

h Constructs designed to express either sense ( ) or antisense ( ) sequences driven by 
35S were used to transform petunia. Sectored phenotypes also arise when promoterless 
constructs are used. The phenotypes of these flowers have been particularly well 
characterised and show remarkable diversity ( ). In some instances developmental 
changes in phenotype ( ), reminiscent of the viral recovery phenotype ( ) have been 
noted. 

■ Arabidopsis ankyrin encodes a trans regulatory protein which seems to play a central 
. rote in signalling chloroplast biogenesis. Transgenic expression of ankyrin cDNA 
\ sequences creates sectored regionsiof leaf chlorosis, consistent with absence of this 
differentiationsigrial: Artidenticaliphenotype occurs regardless of whether v sense or: 
.antisense sequences are driven by 35$:- : • < \. 

j Potato tubers produce two types of starch, highly branched amylose and linear 
amylopectin. The two types stain differently with iodine; amylose containing starch 
stains blue, whilst amylose-free starch stains red; For plants expressing antisense potato 
GBSS sequences driven by 35S whole tubers treated with iodine stain blue in some 
regions and red in others, reminiscent of the antisense PPO phenotype described above. 
In addition individual starch grams contain blue centres and Ted outer regions. Since 
starch grains grow outwards this phenotype provides a temporal record of gene 



expression in individual tuber cells. Inactivation of endogenous GBSS expression seems 
to be triggered early in tuber development, before starch grains are fully developed but 
after GBSS expression is induced. Some grains show blue concentric circles, consistent 
with multiple gene inactivation and reactivation events occurring over time. 

k Constructs expressing sense DFR sequences and intact DFR genomic sequences, 
driven by the native DFR promoter, show sectored regions of unpigmented tissues, 
similar to those described for CHS. 

' Tobacco transformed to express tobacco nitrate reductase sequences driven by 35S 
show a sectored leaf necrosis. This visible phenotype has not been extensively 
described, but extensive biochemical data suggests this phenotype shows developmental 
alterations, reminiscent of viral recovery phenotype. Quantitative enzyme measurements 
indicate complete gene inactivation occurs in mature tissue. 

m Tobacco weretransformed.with constructs designed to constitute vely.overexpress 
tobacco SAM synthetase using 356S. Two phenotypes resulted; overexpression leads to 
leaf necrosis, but this was unstable and reverted to normal phenotype. Qualitative ?. 
This phenotype also showed developmental influences. 

n Tobacco were transformed to express copropophyrinogen oxidase sequences driven 
by 35S. Overexpression was associated with leaf necrosis, which were described as 
occurring in "chaotic patterns". 

0 Tobacco were transformed to express yeast in vertase sequences driven by 35S. 
"Chaotic patterns of necrosis" were reported which correspond to regions where 
invertase was expressed. No invertase activity was detectable in normal tissues? 

P Arabidopsis were transformed to express bacterial RolB sequences driven by 35S. 
Constitutive expression of RolB generates an auxin hyper-sensitive response, leading to 
the creation of a severely stunted phenotype. Occasionally normal shoots develop from 
these plants , analysis of gene expression in these shoots indicates RolB is not 
expressed, and nuclear runrons indicate this inactivation is posttranscriptional. Mutants 
of these transgenic lines which showed a higher frequency of normal snoots have been 
isolated, providing formal evidence that posttranscriptional gene inactivation inyolves a 
host system. 

•fl Transgenic tbbaccoiesistant to. the herbicide sulfonylurea were created using 35S to 
drive expression otthe bacterial csrl -?/ : gene. This confers herbicide resktaiice:by i ;..Tri 
field trials of herbicide resistant pIants,rsectors. of sensitive tissue, were describeaVas-. 
"mottled,, sectored leaves arid whole plants": 



Table 2: Sectored symptoms in viral resistance. 



Virus 51 Resistance Constructs *> Reference 



Potato virus Y 
(PVY) C 



PVYNla This paper 

TaMV coat protein This paper 



Tamarillo mosaic potyvinis 
(TaMV) c 

Tobacco etch potyvinis TEV coat protein 

(TEV) d 

. Peanut Stripe potyvinis PStV coat protein 

(PStV) e . 
Potato virus X(PVX)' PVX polymerase 

Tomato spotted wilt vims ToSWN protein 

(ToSW)g 

* Refers to the viral species for which resistance was monitored. These include four 
potyviruses, PVY, TaMV, TEV and PStV; a potexvirus (PVX> and a tpspovirus 
(ToSW). 

b viral resistance in these instances is RNA-mediated. All constructs were driven by the 
35S promoter/For PVY a portion of theNIa protease gene was expressed; for TaMV .... 
For TEV a non-translatable coat protein sequence; for PStV translatable and non- 
transiatable coat protein sequences; for PVX sequences derived from the replicase gene 
(these were translatable but resistant was subsequently shown to be RNA-mediated) for 
ToSW translatable sequences from the N replicase gene which confer resistance through 
RNA-mediated mechanism. 

c Symptoms shown in Figure 2. 

d s>^toms:<kscrtbed as "distmcttyioealisedJn chlorotic in^einalpgions":: \ :) 

e Symptoms described as "symptomatic and asymptomatic ^areas° where ;Virus was 
detected only in areas where symptoms were visually apparent". 

f Symptoms described "as "ameliorated symptoms, characterised by isolated chlorotic - 
lesions rather than confluent mosaic". 

g Symptoms described as 



Figure Legends 



Figure 1. Sectored gene expression in transgenic plants. A single leaf of a transgenic 
Flaveria bidentis showing sectored inactivation of endogenous PPDK gene is shown. 
This plant was transformed with a .construct expressing antisense Flaveria PPDK 
sequences driven by the CaMV 35S promoter. In the green regions of the leaf PPDK 
activity is normal, whilst in the yellow levels measurable PPDK activity is only 2% of 
controls. In the yellow sectors expression of the endogenous PPDK gene has been trans 
inactivated and these regions are consequently nonrphotosynthetic. Fifteen lines were 
transformed with this construct, twelve were completely yel low and three gave sectored 
phenotypes, further examples of which are shown in Figure 2. 

Figure 2. Highly variable phenotypes resulting from sectored gene inactivation in 
transgenic plants. (A-F) Sectored inactivation of PPDK expression ion Flaveria. (A,B) 
Single shoots from transgenic plants similar to those shown in Figure 1 , note each leaf 
shows a unique pattern of PPDK inactivation. (C,D) Single leaves from such plants 
showing complex patterns of gene, inactivation. Completely green (E).and yellow (F) 
shoots of Flaveria which grew on the same plant. (G-I) Transgenic Flaveria expressing 
NADP MDH sequences driven by the 35S promoter. The pale yellow sectors result 
from photosynthetic quenching which reflects the low (5%) levels of NADP MDH 
expressed in these sectors. NADPMOH is expressed at about 50% of controlvalues in 
green areas of leaves in these plants. (G) Plants were transformed with a construct 
designed to over express maize NADP MDH activity, only gene inactivation events 
were detected in such lines. Note each leaf shows a unique pattern of gene inactivation. 
(H) Single leaf from a plant expressing the sense construct in G. (I) Single leaf from a 
plant expressing a Flaveria NADP MDH.antisense cDNA driven by the 35S promoter; 
the phenotype is indistinguishable from that in H. (J-L) Potato minitubers showing 
sectored. inactivation of PPO expression. These plants (cv. Lehmni Russet) were 
transformed to express antisense sequences from potato. PPO cDNAs driven by.35S. 
Tubers were cut and exposed to air overnight as a crude indicator of in situ PPO 
activity. (J) The tuber on the left in was grown from a non-transformed control and 
turns uniformly black, the tuber on the right was grown from a transformed line. (K) 
Closer view of the transgenic tuber in (J), note cones of black and white tissues 
reflecting changes in gene activity. (L) Four tubers from the same line, note each shows 
unique patterns of gene inactivation. 

Figure 3. Sectored symptom formation in viral resistant plants. Viral infection in plants 
often results in the reproducible development of characteristic disease symptoms. For a 
particular combination of plant arid virus, particular types of lesions (e.g. chlorotic or 
. necrotic spots x>r lesions on leaves) occur reproducibly during development of the 
disease. For some viruses disease symptoms occur only in those tissues supporting viral 
replication, alterations in the distribution! or appearance of such symptoms, in transgenic 
viral resistant plants therefore provide indirect visual assays for transgene activity. (A) 
Non-transformed Nicotianatabaccum (W38) infected with PVY, leaves Which form, 
following viral challenge are" invariably systemically infected and develop characteristic 
chlorotic lesions, m our hands mis. phenotype is easily scored from the third to the 
seventh systemically infected |eaf, where the lesions are distributed quite uniformly 
over the entire leaf. After this point leaves are smaller and symptoms less obvious, 
necessitating the use of ELISA assays to monitor viral replication. (B) Symptoms in 
transgenic tobacco expressing non-coding RNAs derived from a portion of the PVY NIa 
cistron driven by the 35S promoter. Note sectored distribution of lesions, viral particles 
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(delected by ELISA assays) are fourtd only in symptomatic areas, no virus was detected 
in asymptomatic regions. (CD) Systemically infected leaves from plants expressing 
sense (C) or antisense (D) Nla sequences relative to the PVY genome. Virus is 
detectable only in areas where single lesions pr small foci of lesions are apparent, the 
same phenotype occurs regardless of orientation. These plants display the recovery 
phenotype first described by Linbo et al ( ). (E,F) Symptom development in Nicotiana 
berahemiana resistant to TaMV. etc 
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Co-suppression in mammals 

* .. . . ■ *. ,.- .,t..... > • ., i u**.. ♦ ».-' .« ■- 

Background 

Recent advances in plant molecular biology have given important insights into mechanisms- of 
rram-inactivatioii of gene expression in transgenic plants- By expressing RNA sequences driven 
by strong constitutive promoters transgenic plants can be created where endogenous genes can be 
targeted for complete niactivation or rendered viral immune. The ability to create similar 
phenotypes in animals has enormous implications for medicine and agriculture. This programme 
aims to transfer these emerging principles of gene tnactivation in plants to mammalian systems. 

In plants the term co-suppression refers to the inacdvadoa of gene expression which sometimes 
occurs when extra copies of endogenous genes are expressed in a sense orientation in transgenic 
plants (far recent reviews see Meyer, 1995; Schell, 1996). Important new insights inttKCO-- 
suppression form, the basis of this, proposal It has been known for some time that viral resistance 
can be created in transgenic plants can. be created by expressing viral RNA genes; th& resistance 
was initially thought to result from the expression of viral proteins, however more recent 
evidence indicates the mechanism is identical" to co-suppression (Linbo et aU 1993; English er ok 
1996). Furthermore it Is becoming increasingly clear that antisense occurs by this same 
mechanism (Dougherty and Parks, 1995: Graham et al. submitted for publication). 

Mecbarusucally co-suppresioD involves sequence-specific degradation of RNAs, cither viral 
RNAs or mRNAs from nuclear genes. Following infection viral resistant transgenic plants 
^recover 0 from viral mfection, recovered tissues become immune to further infection. In viral 
immune tissues Northern blots and nuclear run-on experiments show that transgene RNAs 
virtually disappear even though their transcription rates remain nearly equivalent to those in viral 
susceptible tissues (Linbo et dU 1993). Identical molecular changes, namely markedly decreased 
steady stafe.mRNA levels but essentially unaltered transcription rates occur in co-suppression 
(Brusslan ct al, 1993; van Blokland et al* 1994 and de Carvalho et al> 1995) and antisense 
(Sheehy et aU 1988) in plants. Since co-suppression results in the sequence-spscafic inacdvation 
of RNAs, the mechanism of viral immunity must involve sequence-specific obstruction of viral 
-RNA (nearly aJiplant viruses possess RNA genomes). Moreover co-suppression must be a 
cyioplasrnie-plienomenon since viruses that rcplicace exclusively in this compartment can be 
targeted by this process. Furthermore this RNA degradation is sequence-specific since non- 
related viruses or nuclear genes are not degraded by the process. Such observations indicate the 
existence in plants of a . previously unknown host system capable of quantitatively degrading 
RNAs in a sequence-specific maimer. 

One striking characteristic of co-suppression is that remarkably complex phenotypes arise in 
whole plants (M Graham; submitted for publication). Co-suppression and viral resistance 
manifest as unstable ^sectored phejwtynes,. regions of essentially normal gene activity or viral 
susceptibility occur in some tissues, wnilst compete gene inacrivarion or viral immunity occurs in 
^jacentcells. We betieve such Unanticipated behaviour has lead to much confusion about the ••• ... 
bcaavjour of co-jnmpressipn and as described places important constraints on experimental',- 

Whilst co-Suppression has not been formally d^orisrraiEd to occur in mammals several key * 
observations suggest its existence. In"at least three examples where mammalian cell lines were 
genes ha yc been inactivated using antisense approaches, a poor correlation between steady stale 
t t&^ s ?S? md ^vel of gene Inacdvation was noted (Moroni et al, 1992; Kook 

et aU 1994. and Trmrason et al, 1995}. litis is reminiscent of the degradation of transgene RNAs 
associated with co-suppression and antisense in plants. In a transgenic mouse line expressing an 
antisense myelin basic protein (MBP) cDNA, marked decreases in both MBP mRNA and protein 
levels were observed, localisation of MBP in neuronal tissues from these animals, using antibody . 



probes revealed MBP was distributed in a distinctly non-uniform fashion (Katsuki ctd, 1988). 
This is consistent with sectored trans inactivation of endogenous MBP expression through co- 
suppression- Furthermore, inhibition of marker gene expression by sense constructs has been 
observed in transient assays in mammalian cells (Cameron and Jennings, 1991). 

The aims of this programme are; 

L To establish whether co-suppression occurs in mammalian systems with an aim to obtaining 
dominant positions with intellectual property. 

2. To define approaches to raanipulaie the process in vivo with ah aim to establishing techniques 
to create cell hies or whole animals -which are viral immune or display, complete trans * 
inacdvadon of targeted sequences- 
Opportunities and Outcomes 

We believe manipulation of co-suppression in animals offers novel strategies to enhance the 
potential applicauons of gene transfer into anirnals r; Applications of such technologies might 
include: 

* For whole arumals. viral immune strains could be created or the expression of specific genes 
completely inactivated. The latter obviates die use of ES cells currently thought to be necessary 
to achieve this goal 

. • Somatic cells, such as haematopoietic stem cells, could be rendered immune to viruses, a 
particularly potent approach for controlling viruses which infect blood cells. 

- The expression of genes associated with various diseases, such as some cancers, could similarly 
be blocked- 

Very short RNA sequences (14 bp) arc capable of co-suppressing gene expression in plants 
(Brusslan and Totrirv 1995) and emerging data suggests that relatively shon specific sequences 
art targeted by co-suppression. If sequences capable of eliciting co-suppression can be delivered 
ectppically, it cnight prove possible to develop novel novel nucleo tide-based therapeutic agents. 

♦ A derailed understanding of the molecular mechanism of ^suppression offers the potential to 
design new rypes of drugs. 

The outcome of this programme will be generic patents covering animal and human imnsgenesis. 
Perhaps more Jmportandy patents covering the design of novc! therapeutic agents might also be 
developed. . 

. Risks - 

Vtc feel we possess both the mtcllccaial and technical resources to make rapid progress with this 
researcL Cc~suppressipn has become a topic of ; major interest in plant research and whilst we arc 
riot aware of any groups extending this work to arumals, the emerging interest in the area 
suggests such such work is likely to commence. Competition is merefore a consideration. 

It impossible that co-suppression occurs only in plants. Although we do not believe this is the 
case, if wc fail to demonstrate its existence the programme win be terminated- 
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• -Search Rationale ' ^ ^ ™ ***** '* 

The complex behaviour of co-suppiession in plants indicate that careful experimental dearawin 
be enbeal for successfully detecting the process in mammals, two imoorant aspects wbMmost 
be considered are the frequency of co-suppression and the complex sectored namre of co- 
suppressed phenotypes. 

Id plants many independent transgenic lines arc frequently constructed but only a few lines show 
extreme compressed phenotypes. The frequency of stable phenotypes varies considerably 
••S^SKTSS 1 fa 0S ^ ^ oitelow ' of the order of one per cent/Typically for raaWallan 
. systems only a few transgenic events are analysed, wc feel that success wfll require scnwSS 
Weimmbers of tra^oimcd<^ lines. Manure .. 
generate large numbers of transformation events, most experiments wfll therefore use such 
systems. For whole animal experiments large numbers of animals will be created, only those 
showing extreme phenotypes will be maintained as linp T . ^ y ■ 

"Another critical consideration is the unstable sectored namre of co-suppressed pbsnotvoes. Co- 

^ressipn would bo «tremdy to detect if WocnemicalormolecuLu- rSra 

flnce yanabte intermediate values would be anticipated from sectored ewScXS^L 

offers particular advantages since it is an easily selected phenotypa. In other eitttrinu^^wiH 
nS^n^vcnt? ihlfimarlCCrS **** ^ te " ^SkSS 

Research Programme 

SSSSE ^ ,ttKarch "* proj '^ ^^.«^ownm Figure 1. There am two 
Objective 1: To establish the existence of co-suppression in mammals. 

Toincrease the likelihood of success and establish suitable models for tlie later scutm of fhr 
programme three independent strategies will be panned: SB,es ° fthc 

1-1 Create viral immune lines by expressing viral sequences in stably transformed cell lines. 
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12 Inactive the expression of nudeax genes using a simple visual reporter liynem. 
^l^&^^^S 1 r bly T^T — «™c« consisting of 
To detect co-s^p^^ 2 ^^^^^^ ^ fluore *»" Ptote^fo). 

either IPTGYfia- tf^«™S™f^r^ Si •* bu L u e*> levels of expression when induced by 
established & 0r " r) - 0nce characterised lines are 7 

Co-suppresston cSSv™S^ constrocts expressing repressor sequences 

orby ol^^^^^^S^ by using viral defivery systems 
13 Inaetivaring pigment biosynthesis in transgenic mice. 

" Sos^&SgSSpSSA? 15 r of Pigment ' 

(Jackson, 1995)XtoSTsu^^S^5 n ° n ^ 15 ^j^trrised genetically 

inhmi^.ThisproSSKS&v^S e " ^ completely 

sectored gene inaebvadonet^ ^ y '-. T"™ m bIack but more importantly 
readily cuVed ^^S?^ Kfc^^ can bo 
; analysis of gene inactivatton eventT to undeftaks molecular 

SS^S^^XoTS^f tyi T^ C ^ -HI beprepared a^d 

atdmafe^howiS^ffi £5&^S?2n^ ^ ^? ^otutoted Visually and 

«^tof 0 r co-supp^on is ob.aiuedfron, these experuneuts the programme ^Ul bc 
Objective 2: ™ecular^ Iwii^ 
^on^SS^^ 

lines as weD as whole animal nrS ^ "formation of mammalian cell 

molecular and W<XSanaIvSf S^^* 1 ^ used to undertake a . detailed F 
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RNA* and developing unproved strategies to control the ptveess. «^aouisauoa of * 

2.1 Molecular characterisation of co-supprwsioiL 

systems.Southan blots wfll be used to determine any influence of t^K^nKbct 
IfaplMB emerging evidence indicates that quite small sequences are taicated bv 

. . . 2-2 Biochemical analysis of co-suppression. 

^central issat with co-suppression Is the basis of ssquance specificity Waison-Crid<- h»</> 

y f ? sa< l u en«>-iP«ific RNA degradation will be established. Usinc this *™ v 
factors wh,ch confer sequence specificity and are unique to cch-suoDrcas^ni^n £ a 

• -* 

23 Optimising co-suppression in mammals. 

toe^S^ C ^ erimCn if 21 ?? d ^ wm provide rational approaches to specifically 



-Jggteg -of transgenic mice to be centred out. $60,000 
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